Sieker, Gauer and Henry (1), examining normotensive subjects, have demonstrated that breathing against continuous negative pressure elicits a moderate water diuresis, believed to be mediated by stretch receptors in the left atrium and reflex inhibition of the secretion of the antidiuretic hormone. This water diuresis, which has been confirmed by others (2-4) is not accompanied in normotensive subjects by any noteworthy increase in the excretion of sodium. On the other hand, the lability of sodium excretion in subjects with essential hypertension is well known. Effective natriuretic stimuli include urethral catheterization (5) and the infusion of mannitol (6) , saline (7) (8) (9) (10) (11) or glucose and the ingestion of water or beer (12) . It therefore seemed of interest to determine whether or not negative pressure breathing produces natriuresis in hypertensive subjects; and since, as Ladd (13) has shown, massive prehydration of normotensive subjects predisposes to excessive natriuresis and water diuresis during subsequent saline infusion, it was of equal interest to determine how prehydrated subjects would react to negative pressure breathing.
METHODS
Thirty-two observations have been made on 31 subjects, eight males and 23 females, ranging in age from 19 to 59 years, selected from the wards and Hypertension Clinic of the Third (New York University) Medical Division of Bellevue Hospital. Essential hypertension (without evidence of circulatory failure or advanced renal impairment) was present in 11 subjects; the remaining 20 were normotensive and free of cardiovascular renal disease. All were maintained on the regular hospital diet except five hypertensive subjects from the outpatient clinic who received a home diet unrestricted in respect to sodium intake.
Negative pressure breathing (NPB) of room air was * Aided by a grant (H-1172) from the National Heart Institute of the National Institutes of Health, Bethesda, Md.
accomplished by means of a standard mouthpiece and nasal clamp, and respiration to and from an 80 L. rein--forced polyethylene cylinder (garbage container) which: was partially evacuated by a high flow vacuum cleaner. The pressure was maintained close to -15 cm. water, as measured with a water manometer, by adjustment ofan air intake valve. All subjects were instructed in the mechanics of the test beforehand and assured that it washarmless. Negative pressure of -15 cm. water proved tolerable for all subjects, but in four subjects a pressure of -25 cm. water proved to be intolerable because of the effort required.
Previous investigators have studied subjects who were* moderately hydrated, but because of the lability of sodium excretion in hypertensive subjects we have avoided both water and saline and carried out our observations in the hydropenic state attained by 12 to 15 hours' abstinence from fluids. Because of this circumstance, urine was collected by catheter, with the utmost care with re--spect to emptying the bladder and expulsion of residual urine by means of air. Special precautions were taken to have the basal urine flow at as constant a level as possible.
In both control and hypertensive subjects, the test was started at 8:00 a.m., after a one to two hour ambulatory period. With the subject in a supine position (one pillow), the bladder was catheterized, emptied and thecatheter left in place. One to two hours more were allowed to elapse after catheterization to avoid postural diuresis. At this time the urine flow had become fairlyconstant, as judged by the fact that in three ensuing quantitative urine collection periods of 15 minutes each (hereafter designated as basal) the rate of flow in two successive periods did not differ, at most, by more than 25 per cent. NPB was started at the end of the third basal collection and continued for 30 minutes; a fourth urine sample was collected at the end of 15 minutes without interruption of NPB, and a fifth immediately afterthe cessation of NPB. Venous blood samples were drawn at the beginning and end of the basal collection periods, shortly after the cessation of NPB and again at the end of the test. Urine was preserved in stoppered Lusteroid tubes and blood was centrifuged at once and the plasma stored in stoppered tubes. Heparin, two drops per 15 ml. of blood, was used as an anticoagulant.
The preparatory protocol for prehydrated subjects differed necessarily from that described above. They weretaken off fluids 12 to 15 hours before coming to the Research Unit at 8:00 a.m. Here they drank 2 L. of tap, water in the course of 20 to 40 minutes and remained ambulatory thereafter for five to six hours, after which they assumed the supine position and were catheterized. They were allowed to eat a chocolate bar during the ambulatory period, but no fluids were permitted after prehydration. The first basal urine collection period was begun after two to three hours in the supine position when the urine flow had become fairly constant, and well after the last phase of the water diuresis and presumably beyond the end of any postural diuresis. After three urine collection periods of 15 minutest each, NPB was instituted (some eight to nine hours after water loading) for 30 minutes as described above, followed by three post-NPB urine collection periods.
Osmolality of plasma and urine was determined by means of a Johlin freezing point apparatus (14) and the thermistor and bridge-null-point-detector unit of Bowman, Trantham and Caulfield (15) . Sodium was determined by flame photometry, employing lithium as an interna4l standard. Inulin clearances were avoided because even a small infusion may elicit natriuresis in hypertensive subjects (10) .
Because the water diuresis induced by NPB is transient, we have arbitrarily chosen as representing the maximal response to NPB that urine period which showed the greatest value of V; this was either the last period of NPB or the period immediately following. In half the subjects of each group, urine flow was maxinml in the last period of NPB and in the remaining half, urine flow was maximal in the period immediately following NPB, but in either case this is the period designated NPB in Tables I, II In opening this discussion it must be re-emphasized, first, that where others have examined the effects of NPB in moderately (and variably) hydrated subjects,1 we have endeavored to bring our subjects into a fairly steady hydropenic state, for the reason that we were interested less in evoking a substantial water diuresis than in examining the effects of NPB on natriuresis in hypertensive and prehydrated subjects; the former 1 Sieker, Gauer and Henry (1) gave a priming dose of 300 ml. of 0.14 per cent NaCl and 50 to 100 ml. every half hour; Surtshin, Hoeltzenbein and White (2) gave 300 ml. of 0.14 per cent NaCl; Boylan and Antkowiak (3) gave 50 to 150 ml. of water every half hour; and Murdaugh, Sieker and Manfredi (4) gave one glass of water every two hours for six hours prior to the study. are known to give exaggerated natriuresis to water (12) , while the natriuretic response of prehydrated subjects appears to be inhibited by rehydration (13) . From which is incidental rather than specifically related to NPB. However, we have not followed urea excretion in these studies.2 Lastly, in hydropenia the urine is of course hyperosmotic to the blood; in previous discussions (18) (19) (20) , the water abstracted in attaining this hyperosmotic state has been designated as TCH2O, and calculated as TCHZ2 = Co,m -V.
However, except for sign, a decrease in TCH2O is mathematically (and physiologically) indistinguishable from an increase in free water clearance, 2An increase in UosmV (and consequently Co.m) due to "washout" of urea solely as a result of increased urine flow would tend to mask a portion of the actual free water excretion that occurred in response to NPB. Therefore, actual values for free water clearance (CH2o) are possibly higher than those calculated. calculated as CH20 = V -COSMSince an obvious inconvenience attaches to a recurring change in designation from TCH20 to CH20 as the urine passes from the hyperosmotic to the hypo-osmotic state (and vice versa), we have adhered to the latter equation and simply recorded negative and positive values for CH20. Whatever semantic difficulties may be raised by talking about a "negative renal clearance," terminology seems to be evolving in this direction in the writings of others, and the advantages of a uniform method of expression in our immediate study are obvious. Table I gives our observations on 10 control normotensive subjects. The basal values repre- 3 The average change in V (+ 1.06 ml. per minute) associated with NPB is statistically significant (p < 0.05); but the changes in the component terms, Cosm (+ 0.52 ml. per minute) and CH20 (+ 0.54 ml. per minute), are not individually significant (p > 0.05 in both instances). This illustrates one of the ambiguities of statistical analysis: two variables, neither of which alone varies by a significant amount, can, when added apparently in a random manner, yield a sum which in the average does vary by a significant amount. Hence the futility of trying to prove, by statistical analysis alone, that a compound variable differs, as between two experimental conditions, by a physiologically significant amount. The converse argument is, of course, not true: if the difference is physiologically significant, it should also be statistically significant by one or more of the conventional criteria. each subject, as indicated by an average value of UNaV for all 30 basal periods of 161 IuEq. per minute, as compared with 160,Eq. per minute for the 10 periods immediately preceding NPB. More significance can therefore be attached to changes in UNaV associated with NPB than to the absolute values of this term.
Control subjects
When an increase in UNaV was coincident with an increase in CH2o (R.R., E.B. and V.H.), the former undoubtedly reflects dead space error. In three subjects (C.S., V.D. and I.D.), UNaV increased in the absence of an increase in CH2O; since the fraction of Uosm supplied by UNa remained nearly constant, however, the increase in UNaV (and UOSmV) may be attributable to a slight increase in filtration rate (4) . Taking all observations, the changes in UNaV ranged from -66 (R.P.) to + 156 (I.D.) ,uEq.
per minute, and algebraically averaged + 51 p&Eq.
per minute. This figure is not significant statistically (p > 0.05) and we conclude that NPB is without effect on sodium excretion in hydropenic normotensive subjects. This conclusion is in agreement with the studies of Sieker, Gauer and Henry (1), Surtshin, Hoeltzenbein and White (2), Boylan and Antkowiak (3) and Murdaugh, Sieker and Manfredi (4) .4
Hypertensive subjects Table II gives our observations on 10 hypertensive subjects. (The data are treated in the same manner as are the control subjects.) Again a steady state in respect to V and UNaV in the basal periods was achieved by our protocol, as shown by averages of 1.26 ml. per minute and 178 uLEq. per minute in the 30 basal periods prior to NPB, as compared with 1.28 ml. per minute and 177 ,uEq. per minute in the 10 periods immediately preceding NPB.
Eight subjects responded to NPB by a substantial increase in V; only in three (M.S., H.W. and E.C.), however, did CH2O become positive, though the directional change was positive in three others (W.K., W.R. and D.W. Table II , gave only a barely significant response (-1.39 to -0.65 ml. CH2O per minute) in the lhydropenic state. When tested four days later after moderate hydration (300 ml. water followed by 50 ml. every half hour), CH2O increased from -1.37 to + 2.75 ml. per minute. This response also indicates (as do our other data) that hypertensive subjects may be expected to respond to NPB as do lnormotensive subjects.
Conitrariwise, the hazard of attributing niatriuresis in a hypertensive subject to a particular stimulus is illustrated by Figure 2. D Subordinately, it is of interest to note that our basal values for control, hypertensive, and prehydrated subjects are very similar, as is shown at the bottom of Table III. SUMMARY AND CONCLUSIONS 1. The effect of negative pressure breathing (NPB) on sodium, total solute and water excretion was observed in hydropenic normotensive subjects, hydropenic hypertensive subjects and normotensive subjects who had been prehydrated by water loading eight to nine hours before NPB.
2. Normotensive and hypertensive subjects responded to NPB with increased urine flow primarily because of increased free water clearance (CH2O). The increments observed in osmolal clearance (Cosm) may be attributable to "washout" of urea in consequence of increased urine flow. Significant increases in sodium excretion did not occur. 3 . NPB in prehydrated subjects induced a substantial increase in free water clearance, though at the time of NPB the subjects were in an antidiuretic state comparable to hydropenic nonprehydrated subjects. The small increase in sodium excretion can be explained by dead space error. 4 . It is concluded that, under the conditions of this study, NPB is not a stimulus that leads to excessive natriuresis in subjects (hypertensive and prehydrated) otherwise predisposed to natriuresis.
